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c TÜBİTAK
⃝
doi:10.3906/kim-1411-16

Research Article

Preparation and characterization of polyaniline microrods synthesized by using
dodecylbenzene sulfonic acid and periodic acid
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Abstract: The preparation of polyaniline (PANI) microrod arrays in the presence of dodecylbenzene sulfonic acid
(DBSAH), a structure-directing agent, and in the presence of periodic acid (H 5 IO 6 ) , an oxidant in aqua-acidic media,
was investigated. DBSAH was performed to distinguish the roles of both surfactant and dopant. The method of
preparation of DBSAH and H 5 IO 6 doped PANI (DBSAH–PANI) microrods in a reversed micelle had previously not
been reported. The characterizations of the PANI microrods were determined by scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy, (EDX) and X-ray diﬀraction (XRD). Based on the SEM results, we found that
PANI microrods occur in the presence of DBSAH in the polymerization medium, while the XRD results showed that
PANI–DBSA gave clearer crystallinity than PANI. At room temperature, the DC conductivities of pure PANI and
PANI–DBSA were 9.5 × 10 −2 S/cm and 9.2 × 10 −2 S/cm–4 × 10 −2 S/cm, respectively, based on the molar ratio of
DBSA. The experimental results suggested that it is possible to control both the electrical conductivities and the crystal
structures of PANI microrods with DBSAH dopants’ incorporation level.
Key words: Conducting polymers, polyaniline, dodecylbenzene sulfonic acid, microrods

1. Introduction
The discovery of electronically conducting polymers oﬀers numerous new applications for polymeric materials. 1
Conducting polymers have been intensively investigated for the last two decades, due to their fundamental
physical properties and potential applications in various electronic devices such as chemical sensors, light
emitting diodes, organic field eﬀect transistors, 2,3 electromagnetic interference shielding, antistatic materials,
sensing materials, and secondary batteries. 4−6
Polyaniline (PANI) is one of the members of the intrinsically conducting polymer family. Because of
having a high molecular weight, PANI has been considered one of the most promising conducting polymers. In
contrast to other conducting polymers, PANI exhibits good environmental stability and high conductivity, 7,8
specifically as a simple and reversible acid/base doping/de-doping chemical property. 9 However, the restricted
ability to process PANI has limited its commercial application. In order to overcome this restriction, Cao
et al. 10 suggested the use of functionalized protonic acids, for instance, DBSAH and camphor sulfonic acid
(CSA). Nowadays, micro- and nanostructures of PANI (tubes and particles) are prepared by the chemical
∗ Correspondence:
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and electrochemical oxidative polymerization of aniline within templates 11−13 or with structure directing
agents. 14−16 The synthesis of conducting polyaniline blends and composites is inexpensive. This method
combines the processability of the insulated polymers and the electrical and redox properties of PANI. 17 The
preparation of oriented PANI nanostructures with controlled morphology has been reported previously. 18 Yin
and Yang 19 stated that the use of a DBSAH/HCl reaction system may provide a facile route for the generation
of 1D PANI nanomaterials, such as nanotubes and nanofibers, with high performance and in large quantities.
Incorporation of nanoparticles in polymer blends has improved the properties of these materials for various
applications, i.e. structural properties, thermal stabilities, mechanical and electrical properties, etc. 20−22 Han
et al. 23 reported that PANI nanoparticles was successfully prepared from DBSAH micellar solution, in which
DBSAH functioned both as surfactant and dopant, and that the particle showed a relatively well-ordered layered
structure when aniline and DBSAH were used in appropriate molar ratios.
In the present research, the eﬀects of DBSAH and HCl on the morphology and size of PANI microrods were
investigated. PANI microparticles were prepared in aqua-acidic media in the presence of DBSAH and H 5 IO 6 .
Diﬀerent concentrations of DBSAH and H 5 IO 6 are used as initiators to achieve reliable results. This was the
first time that H 5 IO 6 was used as an oxidant in the chemical synthesis of aniline/DBSAH polymers where
aniline/DBSAH polymer was characterized by the use of SEM, EDX, UV-vis, FT-IR, XRD techniques, and dry
conducting measurement. Therefore, we report the preparation and characterization of PANI microparticles
from DBSAH micellar solution by using it as both a surfactant and a dopant. To the best of our knowledge,
this is the first report on the synthesis of PANI microrods with H 5 IO 6 by using DBSAH as a surfactant.
2. Results and discussion
2.1. HCl eﬀect on formation of DBSAH-aniline microrods
The synthesis of PANI was investigated by using H 5 IO 6 , as an oxidant, and DBSAH, as a surfactant. The
UV-vis spectra of 1.00 mmol concentration of each type for DBSAH, H 5 IO 6 , and aniline in aqueous media are
separately presented in Figure 1. The absorption bands of H 5 IO 6 and DBSAH are at 221 nm and 223 nm,
respectively; however, aniline shows absorption bands at 230 nm and 280 nm. The band of aniline observed at
280 nm belongs to the n → π * transition. 24,25 H 5 IO 6 and DBSAH are both weak acids, and aniline is a Lewis
base. In order to determine if an acid-base reaction takes place between aniline–H 5 IO 6 and aniline–DBSAH,
the amounts of H 5 IO 6 and DBSAH were increased from 1 mmol to 10 mmol for each aniline–DBSAH/H 5 IO 6
sample. The UV-vis spectra of each mixture were obtained and are shown in Figures 2 and 3, respectively.
As seen from these spectra, the intensities of the bands belonging to the n → π * transition decrease in the
spectrum of aniline–H 5 IO 6 , in contrast to the trend seen in aniline–DBSAH. This indicates that there is an
acid-base reaction occurring between aniline and H 5 IO 6 ; on the other hand, an acid-base reaction does not
take place between aniline and DBSAH.
Our early studies 26 have shown that H 5 IO 6 behaves as an oxidant only in the case of acidic media. In
addition, acidic medium is considered to play an important role in the polymerization of aniline. H 5 IO 6 and
DBSAH are also weak acids as mentioned earlier. Therefore, HCl was used as a protonic strong acid to comprise
an acidic polymerization medium.
Figure 4 shows the UV-vis spectra of the mixtures containing aniline–HCl samples with diﬀerent HCl
concentrations. The obtained results from aniline–H 5 IO 6 /DBSAH are compared only with HCl–aniline containing samples. As clearly seen from Figure 4, an increase in the amount of HCl (1 mmol–10 mmol) in the
aniline solution results instantly in the disappearance of the absorption bands, belonging to aniline, in contrast
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TAŞ et al./Turk J Chem

to other media. The HCl is a strong protonic acid in aqueous media, and, as a result, it reacts with aniline as
a strong acid.
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aniline).

HCl to the solutions containing aniline (the amount of the
HCl added is more than that of the aniline).

Figures 5 and 6 present the UV-vis spectra of HCl to which were added aniline–H 5 IO 6 and aniline–
DBSAH mixtures, respectively. The absorption band at 280 nm belonging to aniline disappears with the
addition of HCl. Moreover, a white precipitate was seen with the addition of HCl to the aniline–DBSA mixture
in contrast to that of the aniline–H 5 IO 6 mixture. On the other hand, no precipitate was formed in the
solutions containing aniline–H 5 IO 6 or aniline–DBSAH. It can be concluded that the white precipitate might
−
be anilinium dodecylbenzene sulfonate (Ph-NH +
3 DBSA ), since sediment was not observed in the case of the

solution containing aniline–DBSAH or aniline–HCl.
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the solutions containing 1.00 mmol aniline and 1.00 mmol
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DBSAH (the amount of the HCl is more than 1.00 mmol).

−
Figure 7 exhibits the EDX spectrum of the white sediment obtained from aniline–Ph–NH +
3 DBSA . This

experiment was conducted to confirm whether or not the white sediment is anilinium dodecylbenzene sulfonate,
Ph-salt. The corresponding S peak proves the existence of DBSA − in the polymer matrix. As seen in the
spectrum, there is also a small amount of Cl, which is less than the content of S in the salt. The excess of
chloride resulted from Cl − adsorbed on the surface of salt or trapped in this salt as anilinium chloride during
−
the reaction procedure. Furthermore, the SEM image of Ph-NH +
salt is shown in Figure 8. The white
3 DBSA

salt has a crystalline and rod structure. It can be concluded that HCl acts as a catalyst during the formation
of the salt shown in Scheme.
Acid-base reactions, which can be written according to the results obtained, are given in Scheme.
NH2 + H3C(H2C)11

SO3H

(will not precipitate)

(DBSAH)

H5IO6 +

NH2

NH3+

HCl +

NH2

NH3+Cl - (aq) (one-way reaction)

NH2 + HCl

NH3+Cl -

DBSAH

(equilibrium reaction)

NH3
(white precipitate)

Scheme.
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−
Figure 7. EDX spectrum of Ph-NH +
salt obtained from the aniline + DBSAH + HCl mixture.
3 DBSA

−
Figure 8. Scanning electron micrograph (SEM) image of Ph-NH +
salt.
3 DBSA

Figures 9 and 10 show the EDX spectra of the black polymers that were observed when oxidizing agent
(H 5 IO 6 ) was added to the aniline–HCl mixture and the aniline–DBSAH–HCl mixture. The EDX spectra of the
black polymers show the existence of Cl and I (doped as I −
3 ) in the structure of polymer synthesized containing
aniline and HCl, and the existence of S (doped as DBSA − ) and I (doped as I −
3 ) in the structure of polymer
synthesized containing aniline, DBSAH, and HCl. The dopant substance is I − , which causes decomposition
of H 5 IO 6 , without DBSAH medium. When DBSAH exists in polymerization medium, dopant substances are
both DBSA − and I − . Cl observed in the EDX spectrum might be adsorbed and/or trapped Cl as maintained
above.
2.2. Eﬀect of DBSAH concentration on formation of polyaniline microrods
In the presence of 1.00 mmol aniline, a series of solutions with diﬀerent amounts of DBSAH (0.0, 3.0, 5.0, 7.50,
and 10.0 mmol) were prepared. The solution of oxidizing agent (H 5 IO 6 ) was added by means of a dropping
funnel into the mixtures. To terminate the polymerization reactions, a certain amount of methanol solution
was added to each polymerization solution after 10 h. The black polymers were filtered and then washed with
a water–methanol mixture to remove any residual monomers, oxidants, and HCl.
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Figure 9. EDX spectrum of polymer obtained by adding H 5 IO 6 to the aniline + HCl mixture.

Figure 10. EDX spectrum of the polymer obtained by adding H 5 IO 6 to the DBSAH + HCl + aniline mixture.

When PANI was synthesized without the use of DBSAH medium, the PANI was isolated in a large
quantity and then it was collected through filtration. If the same synthesis took place in the presence of
DBSAH, the PANI particles were easily able to pass through filter paper. This indicates that DBSAH has an
eﬀect on the particle size of polymer. In Figure 11, the synthesized PANI polymers, dried under a vacuum,
show XRD patterns. In Figure 11a, a broad peak was observed with a maximum around 19.87 ◦ , which was a
characteristic peak of the amorphous emeraldine base form of PANI. 23,27 With an increase in the amount of
DBSAH in PANI, a transition from amorphous to crystalline phase can be clearly seen (Figures 11b–11f). On
the other hand, DBSA–PANI (Figure 11f) showed a peak of 2θ = 20.08 ◦ along with diﬀerent peaks at 2θ =
6.04 ◦ , 21.12 ◦ , 23.94 ◦ , 18.22 ◦ , 25.36 ◦ , etc. Among these peaks, the one at 2 θ = 25.36 ◦ may be ascribed to
periodicity perpendicular to the polymer chain. 23,28
The SEM images of PANI with the diﬀerent amounts of DBSAH are given in Figure 12. As shown in
Figure 12a, the PANI without DBSAH consists of sponge-like particles. However, from the high-magnification
inset image in Figure 12a, a little amount of rod-like white particles small in size are found in the microstructure.
The size and amount of these particles increased with an increase in the amount of DBSAH in PANI (Figures
12b–12f). Moreover, the morphology of particles transforms into rod structure with sharp edges, which indicates
a crystalline phase. These observations are in good agreement with XRD analysis. The SEM images and
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discussion above indicate that when the amount of DBSAH is increased in the polymerization medium, the
crystallites of polymer also increase, and, at the same time, PANI is transformed into the rod structure.

Figure 11. XRD spectra of polymers synthesized from solutions containing 1.00 mmol aniline, 1.0 mmol H 5 IO 6 , and
1.0 mmol HCl, a) pure PANI, b) 1.0 mmol DBSAH, c) 3.0 mmol DBSAH, d) 5.0 mmol DBSAH, e) 7.5 mmol DBSAH,
f) 10.0 mmol DBSAH.

The FT-IR spectra of PANI, DBSA, and PANI–DBSA are presented in Figure 13. In the PANI spectra,
characteristic broad absorption peaks are seen at 1590 cm −1 and 1504 cm −1 , corresponding to a C=C stretching
quinoid ring and C=C bond stretching benzenoid rings, 29 respectively. On the other hand, the characteristic
broad absorption peaks found at 1489 cm −1 correspond to stretching vibration of the benzonide ring, and 1559
cm −1 is assigned to the stretching of C=C bonds of the quinoid ring 23 in the case of PANI– DBSA. Furthermore,
peaks in the spectra of PANI–DBSA can be clearly seen at 1033, 2922, and 1008 cm −1 , corresponding to S=O
stretching, C–H stretching of –CH 2 and > CH stretching of benzenoin rings in the DBSA molecule, respectively.
These corresponding peaks could also be observed in the spectrum of DBSA. Therefore, it can be stated that
these results corresponded to doped PANI–DBSA. In a substance, the formation of PANI–DBSA can be verified
by the FT-IR spectra. The Table presents the characteristic absorption peaks shown for PANI, DBSA, and
PANI–DBSA.
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Figure 12. Scanning electron micrograph (SEM) image for polyaniline synthesized solution containing 1.0 mmol aniline,
1.0 mmol H 5 IO 6 , and 1.0 mmol HCl a) no DBSAH, b) 1.0 mmol DBSAH, c) 3.0 mmol DBSAH, d) 5.0 mmol DBSAH,
e) 7.5 mmol DBSAH, f) 10.0 mmol DBSAH.

Figure 14 exhibits the dry conductivities of the polymers that were synthesized with solutions containing
1.00 mmol aniline and with an increase in the amount of DBSAH. The dry conductivity values decrease with an
increase in the DBSAH concentration based on Figure 14. As discussed previously, DBSAH increases crystallites
of polymer, but it prevents the growth of polymer and hence the growth of polymer conjugation, so that low
conjugation polymers have low conductivity.
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Figure 13. FTIR spectra of polymers synthesized in solutions containing a) 1.0 mmol aniline, 1.0 mmol H 5 IO 6 , and
1.0 mmol HCl; b) 1.00 mmol DBSAH; c) 1.0 mmol aniline, 1.0 mmol H 5 IO 6 , 1.0 mmol HCl, and 10.0 mmol DBSAH.

Table. The characteristic wave numbers belonging to FTIR spectra of PANI, DBSA, and PANI–DBSA.

Ascription
C–H
>C–H (Benzoid rings of DBSA)
N–H
C–N
C=C (Benzenoid rings)
C=C (Quinoid rings)
N–H

PANI
831
1168
1305
1502
1590
3426

DBSA
831
1006
1128
1494
3394

PANI–DBSA
801
1008
1126
1296
1488
1559
3442

0.10

Conductivity (S/cm)

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.0

0.2

0.4

0.6

0.8

1.0

1.2

DBSA concentration (mM)

Figure 14. Conductivity change of the polymers synthesized in solutions containing 1.00 mmol aniline and increasing
amount of DBSAH.

597
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3. Experimental
3.1. Equipment
Aniline (97%, purchased from Aldrich) was distilled before used and stored in a refrigerator. Periodic acid
(99%, purchased from Sigma-Aldrich), hydrochloric acid (37%, purchased from Merck), and dodecylbenzene
sulfonic acid (purchased from Sigma-Aldrich) were used without further purification. UV-vis spectra of the
PANI in aqueous media were recorded in the range of 200–600 nm using a PerkinElmer Lambda-35 UV-vis
spectrophotometer. Infrared spectra of the polymers were obtained in the range of 2000–400 cm −1 using a
Jasco FTIR-430 Fourier Transform Infrared Spectrometer. X-ray diﬀractions of the powdered polymer samples
were acquired by a Rigaku D/MAX-2200 diﬀractometer using CuK α radiation from 2 to 50 ◦ (2θ) at a scanning
rate of 4 min −1 . Polymer samples were subjected to a thin gold coating by using a Zeiss Evo-50 fine coater for
SEM measurements. Before DC conductivity measurements, dry pellets were prepared from powdery polymer
material under a pressure of 5 t cm −2 . The dry conductivity values of polymers were measured by using a
four-probe electrical conductivity measuring device (Entek Electronic) at room temperature. Gold-plate probes
were used to avoid any errors caused by ohmic contacts. The resistivity of the samples was measured at five
diﬀerent positions and at least two pellets were measured for each sample: an average of 10 readings was used
for conductivity calculations. If probes with uniform spacings are placed on an infinite slab material, then the
resistivity, ρ , is given by
ρ = 2πsV /I Ohm-Centimeters for t >> s
(1)
ρ = (πt/ ln 2)V /I Ohm-Centimeters for s >> t,

(2)

with t representing the thickness of the thin film. We calculated the conductivity according to the first equation
due to t >> s.
3.2. Synthesis of polymers
For the synthesis of PANI, a round bottom flask was charged with aniline, 1 mmol of HCl, and DBSAH (0.0,
3.0, 5.0, 7.50 and 10.0 mmol). Then 1 mmol of H 5 IO 6 was added to the reaction mixture and it was stirred
at room temperature for 10 h. A dark green colloidal solution was obtained upon addition of the oxidant. The
resulting dark green polymers were collected through filtration. The colloidal polymer samples were subjected
to multiple rinsing procedures with distilled water to remove any residual monomers, such as oxidant and HCl,
and then dried under a vacuum. 30
4. Conclusions
This synthetic approach represents a novel route to prepare DBSAH and H 5 IO 6 doped polyanilines. It
used DBSAH and H 5 IO 6 together for the first time in the synthesis of polyaniline. Investigation of the
polymerization of aniline with consideration of the eﬀect of DBSAH took place in this research study. PANI
polymer was synthesized in diﬀerent media, and characterized by using UV-Vis, XRD, SEM, EDX, and a
conductive measuring tool. As defined earlier, DBSAH aﬀects both the morphology and size of a polymer. As
the amount of DBSAH in polymerization solution is increased, crystallite of polymer increases and polymer
synthesized in this medium has a microrod arrays structure.
Overall, based on the results collected in this study, it can be concluded that the polymer, having the
desired size and crystallite, can be synthesized by controlling the DBSAH concentrations in polymerization
solutions.
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TAŞ et al./Turk J Chem

Acknowledgment
The authors want to thank the Scientific Research Commission of Gaziosmanpaşa University for its financial
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